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(54) A device for uee in assessing the position of a body 

(57) The device is in the form of 8 block in which are mounted two parallel quadrant detectors Q1 , Q2 
at riaht angles to a third detector Q3. Parallel light 32 from a laser 30 is split by beam splitter Si into 
beam 35 going to Q1 and beam 36 going via retroreflector 37 to beam splitter S2 producing beam 
39 aoia to 03 and beam 38 going to Q2. Movement of the block relative to beann 32 produces 
signals from.QI, Q2, Q3 from which position errors can be calculated. Splitter S3 may send beam 34 
to a second similar device. Three such devices can be used to provide position errors caused by 
movement in two orthogonal directions and by roll, pitch and yaw. relative to a datum. Errors in a third 
orthogonal direction are obtained using a laser interferometer. 
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SPECIPlCATION 

Improvements in or relating to measurements of errors 

5 This invention relates to; the measurement of errors. "5 
It is known to measure a linear positioning error using- a laser interferometer. For example, if a 
machine tool? slide is moved In the X direction, a laser is arranged to direct a beairi of radiation 
along the X axis^ through an interferometer and a Wollaston prism mounted on the slide to a 
fixed reflector device which reflects the beam back to the laser- through the interferometer. The . 
10 slide Is then moved in the X direction in a series of steps of nominally known length and 10 
readings at the laser enable a comparison to be made between the nominal position and the 
actual- position to determine the position error. 

According to this invention a device for use in assessing the position of a body cornprises 
means for movement with the body and adapted to receive a beam of electromagnetic radiation, 
15 said, means being adapted to produce an indication of relative movement between the beam and 15 
the body in one or both of two directions transverse to the beam. 
The directior^ may be at right angles to each other. 
The directions, may be at right angles to the beam. 
The. means may comprise a quadrant detector. 
20 In one form the device comprises a first said means adapted to produce an indication of 20 
relative movement in one or both of two orthogonal directions at right angles to the beam, a 
second SBtd means spaced a first distance from the first said means adapted to produce an 
indication of relative movement in one or both of the directions, a third said means spaced a - 
second distance from the first said means adapted to produce an indication of relative 
2S rr>OVement in one or both of the directions, and means for directing a first beam to the first and 25 
second means,, ^nd means for directing a second beam to the third means, the first and second 
b^ms being parallel and independent of the movement, the first and second distances being 
•different. 

The first and. second means may be parallel, 
30 The invention also comprises a system of three such devices, the first said means of the three 30. 
devices being mutually orthogonal, 

■ The invention may be performed in various- ways and two specific embodiments with possible 
■ modifications will now be described by way of example with reference to the accompanying • 
drawings, in which:- . 
35 Hgure 7 illustrates motional errors: ... 

Figure 2 is a perspective view of a device according to the invention; 
Figure 3 illustrates operation of the device; 
Figure 4 further illustrates the operation; 
Figure 5 illustrates operation of another such device: 
40 Figure 6 illustrates operation of three such devices; '40 
Figure 7 illustrates operation of a further such device; 
Figure B illustrates use of the device in surface testing; 
Figure 9 illustrates use of the device in boring, and 
• Figure 70 shows a fringe device. 
45 Figure 7 7 is an illustration of poshion errors. 45 
If a body moves nominally linearly in a direction, say the X direction, it is subject to six 
possible positional or motion errors, namely linear displacement errors Sh, 3y, 5z respectively in 
the three orthogonal axes x, y. z and angular displacement errors of roll, pilch and yaw 
respectively about,the y and z axes. This is illustrated in Fig. 1 - This applies to a free solid 
SO body moving in. space and, for example, to the slide of a machine tool moving in slideways. 50 
The present arrangement enables five of the six errors to be measured simultaneously, the 
linear displacement error 5x in the direction of motion being measured by a laser interferometer 

as described above. . . , , 

The arrangement is based on a device as shown in Fig. 2. This comprises a rectangular block 
55 20 having- parallel through-bores 21, 22, an orthogonal through bore 23 intersecting bores 21, 55 
22 at junctions 24, 25 and a further orthogonal bore 26 intersecting bore 22 at junction 27. • 
Plane beam splitters 51, S2, S3 are located respectively at junctions 25, 24, 27. Radiation 
sensors Ql and Q2 are located at the ends of bore 23 and radiation sensor Q3 is located at one 

end of bore 21. . . x r> r> ^ on 

60 Each radiation sensor comprises e quadrant detector havrng quadrants A, B, C, p separated bO 
by thin non^responsive orthogonal diametral portions 28, 29. When radiation falls on the 
quadrants, a voltage is developed at each quadrant dependent on the amount of radiation 
received and these voltages can be fed to a suitable monitoring apparatus and changes fn thef 
voltages can be used to measure linear and angular displacements. 
65 A low powered helium laser 30 with a telescope 31 to increase the beam diameter produces a 65 
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35 



y error [5Y] = 0.5[(SH,) - (SH,)],Dn,l>J^]^ 



10 



15 



n^raiiel beam 32 of electrcnisgnetic radiation which is splh by splitter S3.into through 
and refiS beam 34 whose^etetive intensities may for example be in the ratfo 3:7. 
34 ^sses along bore 26 to a similar device 20 as described later, Beam 33 « spirt by 
LllSr Sl^nto refSd beam 35 and through beam 36. The relative intensKifes o beams 35 
K t?H mav be 7 - 3 Beam 35 falls on sensJr Ql . Beam 36 Is bent through two right angles hy 
® frlSle^i 37 to lo^ s^^^ beam 36a parallel to beams 32, 33, 36 which entere bore 21 
Lt^hL oDDMii end from sensor Q3 and falls on splitter S2 which splits it into reffected beam 
Se whTch^E on senJi 02. ar.d through beam 39 which falls on sensor Q3. The relative 
rnt;n^it S S beams 38 and 39 may be in the ratio of 1 : 1 for example. 
,n ThrKlImsnlltters are mounted at 45* to the respective beams. • 

Sf 5 Ta PlarvSw^Rg 2 v.here CP is the mid^,oInt between the centres of splitters SI 
and S2 Sid the line between CP and the intersection 40 between the beams 34. 32 subtends ■ 
«n anole a with the beam 35. Distances are as indicated. , „„j a 

F?Q 3 fe ^perspective view of Fig- 2. If A. is the voltage at quadrant A of sensor Q1 andAj 
1 5 is the vokage at qladram A of sensor Q2, and A, is the voltage at quadrant A of sensor a3, 
and so on for quadrants B.C. D then the following equations apply: 

rSV,l - [{A,)„ + (B,y - [{C,)„ + (DOJnriv 

20 SvS= (A.)« + (B3)J-[(CJn + <D,^^^^^^^ 
fSHi] -[(A,)„ + (C,U-[ B,l + (l5,)„]mv 
SHJ> A +(C,y-[(B,)„ + (D,ymv 
[SH^ = [(A:!: + (C,)J - [(B.)„ + (D3)Jmv 

where n = I II III for devices 20 reference 1.11,111 (devices 20(11) and 20(111) referred to later). 25 
Z relation to device 20(1). Rg. 2 the following equations apply: 

DEVICE 20(1): 

■for[Lv],='[l-23i = ClT].t'r""] 30 
30 |l.J,= 1.2[l.^[mm] 

rz f = ItI = pi ='rai = Z-axis displaceme^ 

ai'eO' [See Fig. 4] 35 
then the errors in pitch, roll, yaw. z and y are as follows. 

oitch error [PITCH], = [(SV^) - (SVs)l,[P],[arc sec] 
Se'or [ROLL], = [(SV,) - (SV,)IR], - [PlTCH]r /u,],[3rc sec] 
40 Z error ra =- 0.5[(SV,) + (SVJ],[Z],[;im] 

yaw error tYAW], = [(SH,) + (SH,)1[YW] [arc sec] 



40 



where [P], - [prtch factor], = P/lpJ. X Ip' 

[RL = [roll factor], = [*/lJ.x 10* . . 45 

45 [YW], = [YAW factor], = T/tJi ^ 1 0» 



50 



55 



It thus be seen that the displacement errors for pitch, roll, yaw, fiz and fiy can be 
Jnid far rSovem^ in the x direction. It will be noted that L2 is not equal tO L3; each of 
S^stnsors m Q2 55 is responsive to errors Sy, & in two orthogonal a^os y, z; the directions 

'° *'\raSficl'on1enSr a^and'S^ S2 are positioned so that sensor Q2.is at right angles 

eon^nr-ni with beam 38 rotated through 90" about beam 36a. 

tlTsTd' STsrconS ^dev le 20(irsuSra? beam ?4 enters'bore 22 of that device. This Is 
LnKtUV shSn in f^g S which Shows the beam splitters and sensors rectro-reflector 
orJin^dJ^e device 20(11) moves in' the y direction. In this case the fallowing equations apply: 

DEVICE II . 60 

60 for [UJii " [UJm = nT]»CiJ»"J 

f^l^'* "17^= pfjll = 2-axis disp^ 

gol = CXjl = P^^i, -[Xil[ - X-axis displacement ^.ctor]„[-/.,3 
65 ■ o( = 60' (see Fig. 4) 
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then the errors are: 

rpiTCH], - [(SVj) - (SV3)MP]„ - tYAW],[arc sec] 

+ [YMLS]r'^/L«]u-[YAW]l6(l->Rrll)-M^^ 
[fix],, = 0.5 SV,) + (SVJ],Ix]„ + [YAW],CLp],.[5 X 1 0.3] 
ii: r^AW] r»(l-*Brll) - (LR),][2.5 X 1 0-3][;mi] 

+ m[vi.U2 X 101 + [PlTCH],[Lp],[Vw]" 

[&]„ = 0.5[(SH ) - (SH,)l.ra„ + [PITCH3.[U.,[5 X 1 0"^ 
-[PltCH]tfi(l-^Rrll)-(U3[2.SXl0.3]tli^^^ 
15 vvhU[P]. = [PITCH factor],. ==[-/JnX . 15 

B3> [ROLL factor],, = [^/J„x 10= 
[YW]„ - [YAW factor],, = F/Lp],, X 1 0^ 

The position of the laser beam going out from DEVICE H could be seen in Fig. 4. 
20 note^rlKll)] = distance from CP, to CP„ (CP = centre point of the device) 20 
r^5/l-»im - distance from CP, to Retro reflector 11 ... ^ . 

IMhe bodv isXo moved in the z direction and assessn^ent of errors irr-posrt^on caused by this 
movemem are desired to be measured, the beam 34 (II) Irom device 20(11) passe^ to a th.rd 
Iw^^lolim entering bore 22 thereof. This is schematically shown .n Fig. 7. In this case 
25 spS S2 ii omSeS^rSm device 20(111) (retroreflector not shown). The follov^ing oq.et.ons 25 

apply: 

DEVICE III , - f n ' 

for [L,],„ =,tL,]„, = (Lp]„ in [mm] 30 
30 •[Lal.,= -l.2[Lp]«.[mm 

rx a 1 =^[xS =^X^^ = displacement factor],,, l'^/^ 

-Ut - ES = = tV axis displacemem factor].„[^n'/^ 
a = 60' (see Fig. 4) 35 



36 



!5rvS.!r-?(|v!i - (SV3)]...[YW1... + [YAW] - [PITGH]„[arc 3ec] 
moLLi = - nsv,) - (SV,)],„[n],„ - [YAW]„,[^'A,Li 

[ROLL],,, _}'=*^r^^i|)i[L^]j- 

■+ [YAWl,[y,P''VvB]u. - [ROLL]„[LJ„[Vu.]m 

+ [6x]„['/.„],„[i 0^] - tf;<Tcv^''[y';i",{^''3,u 

— [YAW],[ff(l-*ll) - (LR)i - + 5[II^Rrtll) - (LR)I1][ / mJ 
„[S(ll-*Rrlll)-(LR),jrVLR],„tarc5ec] 
45 [Ml. - 0.5[|SV,) + (SV,)]„,[X],„ + [YAW],[Lp],„[5 X 1 0 
• . -[PITGH]„[Lp],.,[5X lO-^"] 

-rYAWl,[S(l-.II)-[LR],-[U],. + Wl-^Rslll)-<U),..] ^ 
[2 5 X10-'] + [PITCH],;[«(II^Rrlll) - [LR],.](2.5 X 10-][>xm] 

+ rYAW]„[5(il^lll) - {L,),J['/i„)ni 

+ [ROLL],[LR], [V - [f=^]i[!A,J.n[lO ] 

- [PITCH],[U1[V Jn, - [<52]..r/ JiiiLIO'] 

55 ; KffSiltl(£M)^i^^'(lR), - [L.)„ + 5{11-Brlll) - CLR]„]rVa.. 

■ ° ■ +rYAW]„[5(II^Rrlll)-[L„),.][°Vip3n,[arcsec] 

[SYL. = - 0.5[ SK.} - {SH,)]„,tY]„. + [PlTCH],[Lp]..,[5 X 1 0 - '] 

• + rYAW]„rLp],,,r5 x i o - '] 

60 P.5 X 10-] - CyAW]„[5(IMRrill) - (LR)„][2.5 X lO-'][;im] 60 

where [YW]„, - [yaw fa«or]„, = [V J.n[1 0 ] 
[R],„ = [roll factor],,, = tVuHlmClO'] 
[p£ - [pitch factor],,, = r/M.U1 0*] 

65 Fig. 6 indicates the overall system v^ith the following references (perceived errors): 65 
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PlTCH],£arc sec] 
VAWliEarc sec] 
:R0LL],[LR],[5 X lO-3]Ijim3 

•3Y],Dim] , ■ 

\AW],[Lsl[4.2 X 1 0 - ^&Mil] 

TITCH]ptarc sec] , • 

[YAWJiIaro ^ec] ^ ^, , 
[FIOLL]„[LR]„C5XlO-^i>m] 

'6x]ii[urn] 

TITCHl,[U„[5XlO-^]&im] 
S'AW]„[Lb]„[4.2 X lO-']|>in] 

TlTCHlit^XI-'-RH) - (LR)J[5 X 1 0 " ?3l^'"3 
=YAWlJS{l-*Rin - (LR)J[5 X 1 0-»J|>m] 

TrrcHa.[5(i-ii) - (LR), - (Um + S("-Rii') - (LRyis x; o-^JD'"'] 

=YAW],[S(I--II) -<LR), - (U)„ + S(II-*BIII) - (LR)IQ[5 x .10-=^Dxm] 
TITCH1,,[5(II-^RIH) - (LR)II][5 X 10-=]ljim] 
J . [YAW]„[S(M-*RIII)-(LR)II3[5X 10-^[>m3 
wliere j= distance between two related devices 
R„ = Retroreflector II 

1 =f: Device 20(1) ... 
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If errors related to movement in only one direction are needed then, for thai director* say. the 
y di^itfon In device 20(1) the splitter S3 and bore 26 cari be omitted and- devices 20(11) and 
&(S omitted Sriy if only errors in two orthogonal directions (X, Y) are needed then device 
20 111! is omitted and also splitter S3 and bore 26 from device 20(11). . 

S leseris fixed and the retroreflector(s) are fi.ted in relation to their hght source i.e. the laser 30 
*nrrii>uJre I- the device I for device H; the device II for device III, 

VS'Se und^Jiood that the sensors Q1. 02. 0.3. \n devices 20(11.) respond to errors m the Z 
and X axes, and the Sensors Q1. Q2, Q3 in device 20(111) respond to errors in the X^nd Y 

oS°eTampte of use is shown in Fig. 8. In this case a probe 50 is for e^mple to check or 35 
«s?es! the Se of a surface 51 of article 52 on base 53 by traversing over and m contact with 
the sur^ce 51 The probe is carried on a venical arm 54 and can move up and down (Z ax.s) 

Jv^^o arm'54 Arm 54 c:an move to and fro (Y axis) along the arm 5 5 wh.ch .tself can slide 
(X axi5 on ro^ Isfixed between fixed uprights 57. Nominal X. Y and Z scales ^re shown at 58, 

^ Vv?ce 20(1) is fixed to arm 55 adjacent rod 5G devica 20{ll) is fixed to arm |4 and.de--« 
:>orim is fixed to probe 50. Laser 30 illuminates all three devices 20(1). 20(11), 20(111). The 
fwi ve quadrants of the three sensors Q1. Q2. Q3 in device 20(1) are .nd.v.dually connected via 
l^oarate^ines 70 to analogue-to digital-converter 71 and arei outputted to a cornputer 72 having 
AS TkevToaS^ 73 Similarly the twelve quadrants of the three sensors in devices 20(11) and 20(m) 45 
ar?i?.div5ually connected to the computer via converter 71 on lines 74, 75. The computer 72 
■ To Sgrammed to carry out on the input signals calculations as ^ei out above to derive the 
cumE positional Trrors Sx, Sy. .5.. A visual display 75' shows the corrected coordinates X. 

''A ^InSr rafbfiSSSrd rlt ^^m^puter so that the positional valuesarepWnted o^. TT.e 50 
readingsTrelndependent of pressure and of relative humidity and of gravity. The readings may 

^'\°h^'ap"pJ"J^s^rca^S:d'to'pfo'vrde a reference and the calibrations «r, b. stored in the 
memo,^ ?f the computer so that the errora used in calculating the values displayed at 75 are 

""'Tn SSnJtortSe for movement on the X-axis, the scale 58. is a graticule and .another 
criticule 58a Ps carried by arm 55a. In known manner an optical device is used to obseiye 

rfrlnges produced between the two gr^tiucles to give a d^tum reading of the X position of 
arm 55a and thus the probe 50 at a number of incremental positions along the scale 58. 
Th J Tb the arrn 55a is moved along the X axis from position ^ero on s«le 5S to a first value 60 
lav 6 01 0 cm the number of fringes (say f) which rriove a^cross the optical vipwying mark can be 
counted Thte number is stored in the computer. A laser '^^^^^^'^'^r^^'^^ir,^:^'''^^^ • 
used to measure the positional error; thus the con-ect position may be 0.001 1 cm. Thus a 
mover^ent^ f fringes gives a true position of 0.001 1 cm. Errors at intermediate posit-ons are 
65 caSed pro raJa Thil calibration is carried out say every 0.01 Ccm on scale 58. In use. as 65 
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<5hown in Fiq. 1 1 showing the fixed graticule 58 and the graticule 58a whjch moves mth arm 
RsToie aVl^icule 58a carries with it a-light source 58b and photo detector 58c. so that a s.gnal 
n^'e^to tF^ counter on line 58d each time the light is interrupted by » fnnge mov.ng across 
thTSdVf view. The fringes can thus be counted by the computer. The nominal position on 
c -mIo c:o /v.ax,s) is thus ascertained by the computer from Its memoiy. . j 

^ error ?^ the X-axis position caused by movement in the Y and Z axes .s *en obtained as 

from dev?ce 20(111). Thus if the nominal posHion is 1 .000 cm and ix,„ is -I- 0.001 cm, the X 
feS at 7S will be 1 .001 cm. This X value must then be corrected by the error in the X 
cSSdLte cau^id by movement in the X axis as measured by the laser .nterierometer. The 
in d^ice 20(1) indicates the errors 5y, & introduced by the movement on the X-axis- 

Silarti V gSule is carried by arm 54 and cooperate wrth graticule scale 59 and an optical 
above to give a Y position while device 20(11) gives an indication of errors-$x, Sz 
See" b5 moJcf^ent In the Y direction. A similar calibration is done .n the Z direction using a • 
graticS movable v^ith the probe and the. device 20(111) indicates errors «x. 5y produced by 

'^sS%\8yl\t'l^^^^^ in the Y axis produced by movement in the X and 2 axes and 
the Y Sisplav at 75 is calculated accordingly. This value must be wrrected by any Y-axis 
iror Sed by movement on the Y axis and measured by a laser .nterferometer = 

sLXlv (&),^ives ihe error in the Z axis produced by movement m the X and Y axes and 
20 the Z axis diSaV at 76 is calculated accordingly. This value must be corrected by any Z^ax.s , 
lrfor.^use<^^bv movement on the Z axis and measured by a laser interferometer. 
■?^e er^ra of P^ph roll and yaw. in addition to enabling calculation of fix, fiy. dz errors as 
J ne ^f^™™ corrections to be made, using known calculations, in respect of the 

^^^^^"^oi a^roZ oVi^^^^^^ moJed on^he Y axis, or on the X and Y ajces or on the X, 
■ 95 Y a T axes The'^e.m from laser 30 and.the device 20(1) are positioned such that the beam .s 
!t5;5 of all three detectors, with the arm 55 at both the beginning and end oiscale 58 

at theantre of tn ^^^.^^ 20. The device 20(11)- is secured 

This-fixe? the X-^xis »^^^^J/P^ ^^^iation from beam 34 is at the centre of all three 
*° TnrJnfde^ce 20(1^31 bo^^^^^^^^^ beginning and end of scale 59. This sets the Y axis for ■ 
quadrants of dev.ee ^oju a^^ secured -to the probe, in such a manner that the radiation- - 

^° '^:J^^^i2\nt^^ iTx^^ device 20(111) with thls device both at 

'''Zh?uah"tK'S/Tces 20.enable calculation oferrors caused by movement onthe X, Y.X 
.x^l i^is Po^Sble that these axes are not orthogonal and therefore known squarene^error 
35 axes^ 'if „^ °Lrried out to measure errors produced by non-squareness of axes (between X 
procedures g,;^ and XY plane) and these errors are also stored by the computer 

■ '''fnH .1 taSTnto account by the computer in displaying the X,Y,Z values at 75 It v^ll 
u''"°H'Ir«ood fhat » AX are the errors measured by the laser interferometer in the. X.Y 

40 &Vals an^ the Jt Vs Is XI . Y1 , Z1 then the true position of the probe In- relation to ■ • 40 

the .scale's 58.. 53, 60 is 

X,+AX„..Y, +AY.Z, + AZ, . ■ . . 
>.e «.h««k a floor mounted horizontal boring machine in which a tooM 00 is mou^^ 45 

^'i.ni fn^he Z axtsia block. .101 which can slide in the- Y axis on pillar 1 02 v/h.ch can 
:Jo;:?n Se X a'xis o^^l^^^^ base 1 03. In this case device 20(111) is movable with the tool 

■ ^"^"device can be used in assessing the error in a horizontal boring mill and can be Used to 

on the X axis, repeated for a number of equispaced positions across the object in the 

-locations; and this .s then "^P«^J®° ™^ " would move in the X and Z directions. From 55 

55 X an assessment can be made of whether the 

^ nr^Sangles to the sSe o'l^^^ their angular relationship at each test location. 

in^teld of us(ng 3 'a°er interferometer, other methods could be used to measure the position 
errrir^fS£,.ns.mma.. ,0 

^;^tol^^r^::l)^^^^^^^ J^, any method available e.g. laser 

65 '"Sre^r's^mrn^r^^ of moving body in space which i. movino in two- 65 
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axes devices 20(H) and 20(111) can be used in combination. In this case, two axial displacement; 
errors (positioning errors) and one squareness error (between both axes) should be measured 
individually before talcing the Information from (2 X 3 X 4) quadrants of both device The ■ 
2X3X4) readings can produce information of motional error of the body in space (as stated 
S for device 20{l) and device 20(11)) in their combination w'rtK positional and angular erroTB - . • .5 

fS?he?mofe!'5hen devices. 20(1), 20(11). 20(1 H) are used together in their specific configura- 
tion in XYZ axes, the combination of their information with positional eirors in 5C. Y, Z axes ana ■ 
■ the SQuareness of Y axis towards X axis, and Z axis towards XY plane, can produce information 
1 0 required for calibration of volumetric errors within the worl<irig zone of the measured movrng • 1 U 

'*°l'ri''use of the device or devices, the cumulative error signals may form part of 8 feedback 
connection to a control device or arrangement so that a movable element for example a • 
machine slide of a machine tool, is brought to a predetermined position. Thus, in the case of ?he ^ 
15 orobe in addition to or alternative to indicating the actual probe position, there rnay be a control 15 
device responsive to ihe error signals to bring the probe to a predetermined position. ; . 

Fig. 1 1 irtdicates poshional errors at the. three quadrants as a result of changes dy, dz and in 
roll, pitch and yaw. 



20 CLAIMS 



^""f A device for use in assessing the position of a body comprising means for movement witji 
the body and adapted to receive a beam of electromagnetic radiation said means being' adapted 
to produce an indication of relative movement between the beam and the body in one or both of . 
twrt Hirpctions transverse to the beam, * ' . • , 

two ^g.^gj Claim 1 , in which the directions are at right ang es to each other. 25 

3' A device as claimed in aaim 2, in which .the directions are at right angles to the b<Mm. -. 
A device as claimed in any preceding claim, in which said means comprises a quadrant . 



•4. 

^'^'s^*" A device as claimed in any preceding claim.' comprising a first said means adapted to . 
30 produce an indication of relative movement, in one or both of two orthogonal^irtrtionB at nght 

anales to the beam, a second said means spaced a first distance frorn the first said means _ 

adaoted to produce an indication of relative movement in one or both of the directions, a third 
means spaced a second distance from the first seid means adapted to produce" an indication 

«f relative movement in one or both of the directions, and means for directing 8 first bearn to 
35 tieS fnd secSid means, and means for directing a second beam to thethird.means> the first ..35 

and second beams being parallel and independent of the movement, the first and second 

6 A device as claimed in Claim S, in which the first and second means are- paralter. 

7!.. A device as claimed in Claim 6 or Claim 6, in which each of the first, second and.third ' ' 

40 means comprises a quadrant detector, i_ • u x ■ 

8 A device for use in assessing the position of a body substantially as herern before 
described with reference, to Fg., 2 of the accompanying drawings^ ^ ^, . , 

9. A system comprising three device as claimed in any proceedjng ciaim, the first means of 
each of the devices being mutually orthogonal, • . . lx ' >ic 

45 10 A syslem for use ih assessing the position of e body substantially as herem before . 4-5 
• described with reference to.Fig. 8, or Fig. 9. of the accompanying drawings. . - ^ . • . 

11. A position assessing device; however defined. 
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